Abstract Aim: To study the role of multidetector row CT angiography (MDCTA) in detection, characterization and endovascular therapy planning of intracranial aneurysms in comparison with digital subtraction angiography (DSA). Material and methods: Between April 2011 and March 2012, prospective study of 43 patients with suspected cerebral aneurysms (27 females and 16 males) was done, their ages ranged from 40 to 74 years. Patients were referred to the Radiodiagnosis Department, from neurology and neuro-surgery departments for suspected cerebrovascular lesions. Aneurysm detection with multidetector CT angiography and DSA was analyzed. Results: The MDCT angiograms were interpreted for the presence, location, size, ratios of the aneurysm (dome to neck ratio (D/N), aspect ratio), neck width, lobularity of the aneurysms and relationship of the aneurysm with the adjacent arterial branches, by using volume-rendering techniques. MDCT and DSA were done for all patients. Twenty-three patients had a single aneurysm, 4 had 2 aneurysms, 2 had 5 aneurysms and no aneurysms were detected in 14 patients presented with subarachnoid hemorrhage on unenhanced CT, the most common shape was saccular aneurysm (90%) and the most common size was medium size (43.9%). We determined the neck of 28 aneurysm (68%) and the remaining 13 could not be determined (32%).
Introduction
Arterial aneurysms are local out-pouching of a blood vessel wall. The pathogenesis of intracranial aneurysms formation and rupture is not well defined (1, 2) .
The exact etiology of the development of aneurysm is still controversial. It may be congenital predisposition, atherosclerotic or hypertensive, embolic, infectious, traumatic, associated with other conditions (autosomal dominant polycystic kidney disease, fibromuscular dysplasia (FMD), arteriovenous malformation) (3) (4) (5) .
Different types of intracranial aneurysms include 3 general categories, saccular (berry) aneurysms, fusiform aneurysms and dissecting aneurysms. Other less common types include, mycotic, traumatic and oncotic aneurysms (6, 7) .
The most widely used clinical method for grading the clinical severity of SAH is the Hunt and Hess classification, which measures the clinical severity of the hemorrhage on admission and has been shown to correlate well with outcome (7, 8) .
Aneurysm rupture has several complications such as vasospasm, hematoma and mass effect, stroke, rebleeding, intraventricular hemorrhage and hydrocephalus (6, 9) .
The aneurysms were classified according to the size as Giant aneurysms (P25 mm), Large aneurysms (P13-25 mm), Medium aneurysms (P5-13 mm), Small aneurysms (P3-5 mm), and tiny aneurysms: <3 mm (2) .
Digital subtraction angiography (DSA) has been the ''gold standard'' for many vascular and cerebrovascular imaging studies. 3D rotational DSA enables clinicians to review intracranial aneurysms and other vascular lesions thoroughly in an angiography study or during an interventional procedure (10) (11) (12) .
DSA has several disadvantages, including the high skill level of performing the procedure and relatively high cost. The invasive nature of DSA is an additional disadvantage, carrying a low but significant 1% complication risk and a 0.07-1% rate of persistent neurologic deficit (13) .
Some investigators claim that CTA can presently replace DSA, or catheter angiography, as the most reliable means to detect intracranial aneurysms in SAH (14) (15) (16) (17) (18) (19) .
The geometric indices of intracranial aneurysms have value for predicting rupture or planning a treatment strategy. The ratio between dome diameter and neck width of the aneurysm can be used as a guideline in deciding between surgical or endovascular treatment. For lesions treated endovascularly, knowledge of the diameter of the aneurysm neck is important in evaluation of the completeness of embolization and is also helpful for selecting an appropriate aneurysm clip when surgical intervention is chosen (19) (20) (21) .
An aneurysm was considered coilable (ie, it could be treated with coil placement) if (a) the aneurysm neck was considered narrow enough compared with the dome width to place coils within the aneurysm sack without coil protrusion into the parent vessel and (b) there were no vessel branches originating from the aneurysm above the neck level that might be occluded by the coil package (19) (20) (21) .
It has also been reported that spheroidal aneurysms (an indication of a small dome diameter/dome height ratio) result in a worse outcome after surgery than do more spherical lesions. The shape of the aneurysm is critical to the success of the occlusion and to the prevention of embolic material from extending into the parent artery (22) .
The geometric characteristics of the aneurysm are the first criteria to be considered. The ideal dome-to-neck ratio must be P2. The diameter of the neck is also an important consideration. It should be no wider than the diameter of the parent vessel, and slightly smaller than the diameter of the aneurysm. If the neck is more than 5 mm wide, coiling is unlikely to be successful, even with the remodeling technique (23).
Patients and methods
Research Ethics Committee (REC) approval and informed consent were obtained.
Between April 2011 and March 2012, 77 consecutive patients with suspected intracranial aneurysms were referred to the radiodiagnosis department. Fifteen patients who underwent prior surgical clipping or endovascular coiling for their intracranial aneurysm were excluded from the study, and another 19 patients who did not undergo DSA because of rapid clinical deterioration (11 patients), contraindication to intravenously administered iodinated contrast material (4 patients) and refusal of the patients (4 patients). Thus, this study was done on 43 patients (27 females and 16 males), (mean age, 59.6 ± 14.2 years).
Inclusion criteria were as follows: Patients had to have clinical symptoms of subarachnoid hemorrhage or cerebral aneurysm confirmed by nonenhanced CT and be able to undergo multidetector CT and DSA (MDCTA underwent before DSA by 3 days in 12 cases, 2 days in 9 cases and 8 h in 8 cases).
All patients were examined with a 16-detector row CT scanner (Toshiba Aqyiliem 60). Sedation was needed for 10 patients (for convulsion and abnormal movements).
All patients were examined in the supine position with the head maintained in a neutral position, an initial scout image (tube voltage, 120 kV; tube current, 35 mAs) was obtained.
The delay time between the start of contrast material administration and the start of scanning was obtained for each patient individually by using an automated bolus tracking technique for optimal intraluminal contrast enhancement. First, a single unenhanced low-dose (20 mAs) image was obtained at the level of the carotid artery near the skull base. On the basis of this transverse image, a technologist sets a region of interest. This region of interest served as a reference for the following dynamic measurements of contrast enhancement. Subsequently, a nonionic iodinated contrast medium; Iopromide (Ultravist) was administered via a 20-22-gauge needle, which had been placed in a superficial vein located in the antecubital fossa. The volume of contrast medium (mean, 100 mL; range, 80-110 mL) was adjusted for the scanning length of each patient to establish a bolus duration that was equivalent to the scanning duration. The contrast medium was administered with an automated injector at a flow rate of 4 mL/s and followed by a 50-mL flush of saline administered at the same flow rate.
Data acquisition was performed in a craniocaudal direction extending from the body of the first cervical vertebra to the vertex, with a nominal section thickness of 0.5 mm, a 0.5-second gantry rotation time. The X-ray tube voltage setting was 120 kV, and mean tube current was 210 mA (range, 140-260 mA).
After acquisition data transfer to Work Station (Vitrea 2, Vital Images) using a Vitrea 2 software program (Vital Images) for 3D reconstructions, image analysis was performed using various postprocessing techniques, including two-(2D) and three-dimensional (3D) multiplanar reconstructions (MPR), maximum intensity projections (MIP) and volume rendering (VR).
All DSA were performed transfemorally with 5F catheters by using a DSA unit (Toshiba DSA) with an image intensifier matrix of 1024 · 1024 pixels. DSA was performed with bilateral selective internal carotid artery injections (in 22 cases) and unilateral vertebral artery injection (4) and bilateral (in 3 cases), as necessary. 10 mL of nonionic contrast medium (320 mg of iodine per milliliter of iopromide) was used for each injection at a rate of 4-7 mL/s by using a power injector. Standard anteroposterior and lateral projections were routinely acquired for carotid and vertebral injections. Additional selected oblique projections were obtained to clarify aneurysm anatomy. All acquired DSA images were converted to the work station.
Analysis of images
The readers of the CTA cases are blinded to the DSA results primarily.
Aneurysm location, maximum dimension, and aneurysm shape were recorded. The simple saccular aneurysms (30 out of 41 aneurysms) dimensions measured on MDCTA and DSA displaying the best view of the neck (4 aneurysms were excluded due to undetermined neck), dome-to-neck ratio (maximum dome width/maximum neck width), maximum neck width, and aspect ratio (dome height/maximum neck width) were measured.
All measures were performed on the workstation with an electronic caliper after appropriate magnification.
Results
A total 41 aneurysms detected in 29 patients, 23 patients had a single aneurysm, 4 patients had 2 aneurysms, and 2 patients had 5 aneurysms, whereas no aneurysms were detected in 14 patients presented with subarachnoid hemorrhage on unenhanced CT. No. of cerebral aneurysms shown in Table 1 .
The size of the aneurysm revealed by CTA ranged from 2.2 mm to 27 mm. The commonest size detected was medium size (43.9%), size of cerebral aneurysms shown in Table 2 .
Middle cerebral artery aneurysms was the commonest site of aneurysm (24.4%), sites of cerebral aneurysms shown in Table 3 .
Among 41 aneurysms, 37 aneurysms were saccular while 4 aneurysms were fusiform, we can determine the neck of 33 aneurysm and the remaining 8 aneurysmal neck undetermined.
In the present study according to the patency of aneurysms among 41 aneurysms 37 were found to be patent and 4 partially thrombosed.
Sixteen patients had ruptured aneurysms (55%) with hemorrhage and other 13 patients aneurysms not ruptured (45%).
Among 16 patients with ruptured aneurysm we found (8 patients) with SAH only which is the common type of hemorrhage, SAH and intra-cerebral hemorrhage (4 patients), SAH and intra-ventricular hemorrhage (2 patients) and lastly intra-cerebral hemorrhage only (2 patients).
D/N ratio (dome /neck ratio) of 30 simple saccular (determined neck) cerebral aneurysms by DSA and MDCTA reveal that the D/N ratio of aneurysm at MDCTA was slightly higher compared with that measured at DSA but this was statistically insignificant (P = 0.095) ( Table 4) .
The effect of dome to neck ratio on treatment techniques, we determined that coiling without remodeling techniques as stent or ballon placement was favored for aneurysms with a dome to ratio 1.5. For aneurysms with a dome to neck ratio < 1.3, coiling with remodeling techniques was favored. For aneurysms with dome to neck ratios between 1.3 and 1.5, the frequency of use of remodeling techniques was similar to the frequency of use of no remodeling techniques.
Coiling without remodeling techniques was favored over coiling with remodeling techniques in aneurysms with a neck size < 4.2 mm (21 aneurysms (70%)).
Coiling with remodeling techniques was favored at an aspect ratio < 1.3 (in 23 aneurysms (76%)). D/N ratio, neck width and aspect ratio in saccular (determined neck) aneurysms shown in (Table 5) . The present study among 41 aneurysm detected, 35 aneurysm were diagnosed by MDCT, while 4 aneurysms missed (false negative result), (1 aneurysm was tiny and close proximity to bone, 1 aneurysm was tiny and prominent infundibulum, 1 aneurysm at abnormal location (A1 segment), 1 aneurysm obscured with bone), while 2 aneurysm shows false positive result due to infundibular dilations at the origin of the posterior communicating artery.
Two aneurysms were missed with both initial DSA and multidetector CT angiography in aneurysms of the posterior communicating artery which is not the causative aneurysm and diagnosis is made by follow up DSA after 3 months and the cause was infundibular spasm.
One aneurysm was missed with DSA but detected with multidetector CT angiography in a patient with two aneurysms of the anterior communicating artery.
One aneurysm shows false positive result with DSA at A2 segment due to kinked course.
So DSA diagnosed 37 aneurysm correctly and has 3 false negative result and one aneurysm false positive result.
False negative results occurred in tiny aneurysms, prominent infundibulum, obscuration with bone and abnormal location.
While false positive results occurred in infundibular dilatation of vessel.
In DSA false negative results occurred in tiny aneurysms and infundibular spasm while false positive results occurred in kinked course.
Comparison between MDCT and DSA results (Table 6) . Sensitivity, specificity, PPV, NPV and accuracy of MDCTA according to the size of the aneurysm (Table 7) . Sensitivity, specificity, PPV, NPV and accuracy of DSA according to the size of the aneurysm (Table 8) .
DSA add an aneurysm in A1 segment over the CTA results which shows aneurysm of the supraclinoid internal carotid artery (Fig. 1) .
In another patient with coincidence between CTA and DSA results, CTA shows right middle cerebral artery (MCA) bifurcation aneurysm and the results confirmed by DSA in a patient with subarachnoid hemorrhage (Fig. 2) .
In a patient with discordant results at multidetector CT angiography and DSA, no aneurysms could be detected by initial MDCT while Right vertebral artey DSA reveal tiny aneurysm at right posterior communicating artery in a patient with subarachnoid and intraventricular hemorrhage (Fig. 3) .
Discussion
In the present study we found 29 patients with cerebral aneurysms (17 females and 12 males) with ages ranged from 40 to 74 years. The most affected age group is between 41 and 50 years (16 cases) and more common in females (17 cases) than males (12 cases). These results are in accordance with (25) said that one fifth to one third of intracranial aneurysms are multiple aneurysms. About 75% of patients have two aneurysms, 15% have three, and 10% have more than three aneurysms. This agrees with our work as we found that in 29 patients 6 patients have multiple aneurysms (20%). A total of 41 aneurysms were detected in the 29 patients, 23 patients had a single aneurysm, 4 patients had 2 aneurysms, and 2 patients had 5 aneurysms.
In the present study we found that the size of the aneurysm revealed by CTA ranged from 2.2 to 27 mm. The most common size of aneurysm detected is medium size (43.9%) and small size (26.8%), that agreed with El Khaldi M. et al. (2007) (26) who stated that most aneurysms were of medium sized (50%), followed by small (25.4%), very small (11.9%), large (11.9%) and giant (0.7%) (12) .
Also we resulted that the middle cerebral artery aneurysms (number = 10 aneurysms) were the most common site followed by the anterior communicating artery aneurysms (number = 8 aneurysms), posterior cerebral arteries aneurysms (number = 8 aneurysms), the internal carotid arteries and posterior communicating aneurysms (number = 4 aneurysms) for each and the ophthalmic artery aneurysms, anterior choroidal artery aneurysms and vertebrobasilar junction aneurysms (number = 2 aneurysms) for each of them and finally basilar artery aneurysm (number = 1 aneurysm), these results disagree with that of Le Roux et al. (2004) (2) who founded that the commonest sites at which aneurysms are found include the anterior communicating artery (25%), posterior communicating artery origin from the internal carotid artery (19%), middle cerebral artery bifurcation (13%), internal carotid artery bifurcation (7%) and basilar artery bifurcation (7%). This difference between these results is likely due to relatively small number of our cases (14) .
In our study, the decision of aneurysm coiling was assessed on the basis of MDCT findings in 37 (92%) of 41 aneurysms this nearly coincide with the result of Karsten et al. (2007) (27) who correctly assessed on the basis of multidetector CT angiography findings in 69 (93%) of 74 aneurysms and believe that multidetector CT angiography data sets can be used to select aneurysm treatment and thus avoid performing purely diagnostic DSA. Our results favor the use of dome to neck ratio in evaluating the regimen therapy and the need for remodeling techniques in the coiling of intracranial aneurysms and this contrary to the result of Brinjikji et al. (2009) that favor the use of aspect ratio in evaluating the use of adjunctive treatment with coiling of aneurysms (28).
Conclusion
Multidetector CTA is a fast, not expensive, non invasive tool and widely available technique, with a high degree of accuracy in diagnosis and follow up of various cerebro-vascular aneurysms by the ability of forming reformatted axial images, 2D and 3D reconstructed images which can depict the arterial lumen, arterial wall and the relation to osseous and soft tissue background.
The shape of the aneurysm is critical to the success of the occlusion and to the prevention of embolic material from extending into the parent artery.
With 16-detector row CT angiography, intracranial aneurysms can be diagnosed with a performance that is comparable to that of DSA and can be assessed with respect to endovascular treatment options.
However, MDCTA still has limited sensitivity in detecting aneurysms of 3 mm or less, despite its technical advances.
In cases of subarachnoid hemorrhage, an important advantage of multidetector CT angiography is that the information on the cause of hemorrhage as the presence of aneurysms and their morphologic characteristics at the earliest possible time and to avoid purely diagnostic DSA.
